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Abstract
This paper presents an interactive visualization tool for resource usage monitoring. This paper discusses the developing processes and focuses on implementation techniques
for data preparation and visualization. The web application
called Energis is developed as the first prototype. It features
interactive 3D graphical map with numerical and animated
infographics. It is designed to enable real-time user-to-user
data sharing. A user experience study is conducted in order
to evaluate the potential usage of the tool. The preliminary
results from a standardized questionnaire show that the
voluntary participants rate the application based on their
hands-on experience at a consistently high level. With the
availability of meter data providers, the tool can be utilized
in location-based management to understand resource usage in both temporal and spatial domains.
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Introduction
Visualization of resource usage plays a vital role in planning
and analyzing. It could be of various kind of applications
including real-time consumption monitoring, recorded information review, pattern analysis, and trend prediction. These
applications are often used in designing or refining management strategies based on behaviors of users.
In this paper, we present an interactive tool that connects
resource usage information such as meter data providers
with urban planners and designers. Our work can be viewed
as Platform as a Service (PaaS) with the goal of being a resource usage visualization hub. We aim at helping understand the characteristics of the resource usage and investigating geographical and dynamic aspects for area analysis
and planning.
As a good starting point, we utilize the publicly available
energy usage data. We develop a prototype web application called Energis, which allows the user to interactively
monitor the energy usage on campus. We conduct a user
experience study and discuss the potentials of the application.

Related Work
The design requirements for energy consumption visualization have been studied in [6] and [7]. These works collected evidence from other works of literature and listed the
recommendations to achieve the goals. The following functional and non-functional requirements are the topics that
should be taken into account.
• Providing real-time consumption data using interesting visualization technology has been proven to
improve user interface engagement.
• The tool should provide disaggregation of data in

which information regarding individual appliance
could be provided and users to freely observe what
they are interested in.
• Cross-platform application is recommended for exposure to a larger number of users.
• The tool should be available online to ensure accessibility
• The system should have an ability to scale in order to
accommodate large information. The system should
be designed suitable for all roles of user, for example,
end-users and energy managers.
Concerning data transfer and storage, the cloud-based
model has been shown to be the best candidate for asynchronous data exchange [9].
Visualization of real-time energy consumption has been
shown to be one of the potential keys to reduce energy consumption. It can make hidden information visible and more
readily understandable to end users. Data-driven animations could offer numerous potential benefits to society such
as raising conservation behavior and support of good environmental management [3].
To move beyond the state-of-the-art and to contribute to this
field of knowledge, Energis provides an online platform or
PaaS for energy usage monitoring that supports different
types of energy usage data on campus, unlike other existing visualization tools that are specific and limited to one
particular type of data, such as [5][1][8][4].

Prototype Development and Implementation
Here we describe our prototype development separated into
front-end and back-end developments where each deals

with different components. As energy consumption data is a
key in this development, we describe our data sources and
how to pre-process them. Our implementation is described
through a live demonstration recorded in a video. As for this
first prototype, the energy usage on the main campus of the
Chiang Mai University is used as a case study in this paper.
Front-end Development
The main user interface of the prototype is the interactive data visualizer. We make use multiple JavaScript libraries for implementing interactive diagrams. We utilize
p5.js (https://p5js.org) for drawing the 3D model of the campus buildings and p5.EasyCam.js (https://github.com/diwi/
p5.EasyCam) for controlling and interacting with the 3D
model. Figure 1 shows the login page of the Energis where
the user can log in using Google account or sign in as
a guess. Once the user logs in, the tool will then ask to
user to select the dates on which the energy usage is to
be visualized and analyzed, as shown in Fig. 2. Figure 3
shows the main user interface, the interactive 3D visualization of resource usage, where the different color tones
(from green to red) represent the levels of resource usage.
The user can change the view of the 3D model including
rotation and zoom-in/out by dragging and scrolling. The
user can also view the instant numerical information of
each location (i.e., room) by clicking on the 3D model. Via
the top menu, the user can select to view graphs of basic
statistics or go back to the previous page. We use Chart.js
(https://www.chartjs.org) for displaying hourly resource usage
information. The user can see basic charts of overall usage
and usage per unit area (Figure 4 and 5).
Back-end development
Backend as a service (BaaS) model is being used in developing the prototype. We link our prototype to backend cloud
storage and APIs provided by backend applications. The

Figure 1: Login page of Energis

Figure 2: User can select the dates on which the energy usage is
to be visualized and analyzed.

Figure 5: Hourly resource usage per unit area of selected location
on specific date.

Figure 3: A snapshot of the interactive 3D visualization of
resource usage.

Figure 4: Hourly resource usage of selected location on specific
date.

benefits of using BaaS is that it is server-less, high secured,
real-time, and scalable. In this work, we use Google Firebase (https://firebase.google.com) as our backend. Google
Firebase Realtime Database is used to store all data and
Google Firebase Hosting is used to host the prototype web
application. In addition to database and storage, integration with Google account allows user to store, manage, and
share their own data.
Data Sources and Pre-processing
We use both real data and synthetic data as initial inputs of
the prototype. We acquire real data from public air conditioner power usage information provided by the Learning Inventions Laboratory, Department of Computer Engineering,
Chiang Mai University (https://lilcmu.github.io/cpe_energy/index.
html). The data is in the comma separated values (CSV) format. We reduce the file size by removing redundant information in some columns such as location, type, and date.
If there are duplicates, only the information of the first row
is preserved. (see example in Figure 6). We also generate
synthetic data to test our prototype by randomly duplicating
and sampling the real data to the missing dates and times.

Figure 6: Sample resource usage data in CSV format.
Figure 7: Sample resource usage data in JSON

Since Google Firebase Realtime Database is NoSQL database,
we need to preprocess the data into JavaScript Object Notation (JSON) as shown in Figure 7 before uploading to
Google Firebase Realtime Database. Finally, the processed
JSON is used as the input of data visualizer.
Demonstration
The prototype has been posted on Google Firebase Hosting at https://energis-698b3.firebaseapp.com. A video clip
showing how the prototype works is available at https://www.
youtube.com/watch?v=Jpk2-pDaM0g.

User Experience Study
Methodolgy
We assess the prototype web application in terms of its
functionality using standardized test for user experience.
We adopt an evaluation questionnaire from the theory of
four elements of user experience [2].
The questionnaire consists of a set of questions which all
participants are asked to give a rating score according to
their level of agreement regarding their experience with the

prototype. The statements regarding the user experience
are in the following list.
S1: It is useful.
S2: It is easy to use.
S3: It is interesting to use.
S4: It is fun and engaging.
The rating score is a 5-point Likert scale where 1 means
the lowest agreement level and 5 means the highest agreement level. Space for additional comments and suggestions
is also provided along with the four questions.
Experimental Setup
A pilot study is carried out in a voluntary participation. A total of 25 participants (14 men and 11 women) are included
in this study. The participants are asked to perform multiple
tasks in our prototype system and complete the questionnaire. The task scenarios are listed below.

S1
S2
S3
S4

Mean
4.16
4.00
3.96
3.56

SD
0.75
0.91
0.89
1.00

Table 1: Results of user experience questionnaire.

• Display resource usage from specific location at a
certain date and time
• Upload provided resource usage CSV files to the system and visualize through the system
Experimental Results
The overall average rating scores from the questionnaire
are shown in Table 1. We can see that the overall highest
rating score of 4.16 is from S1 regarding how useful the
system is and lowest rating score of 3.56 is from S4 regarding how engaging the system is. For the variance of the
response, the SD of rating score of S4 is the highest (1.00).
This is because the interpretation of fun and engaging can
be varied based on individual background.
We investigate user experience further by grouping participant responses into meaningful groups of respondents
which are based on their gender, age, and occupation, respectively.
Table 2 shows average rating scores of male and female
participants. The average rating scores from male participants are slightly higher than ones of female in S1-S3. We
can interpret that male users have the better experience in
terms of value (S1), usability (S2), and adoptability (S3).

S1
S2
S3
S4

Male
4.29
4.07
4.07
3.50

Female
4.00
3.91
3.82
3.64

Table 2: Results of user experience questionnaire grouped by
gender.

S1
S2
S3
S4

<20
4.00
4.00
4.00
4.50

20-29
4.17
4.11
3.89
3.44

30-39
4.25
3.75
4.25
3.75

>39
4.00
3.00
4.00
3.00

Table 3: Results of user experience questionnaire grouped by age
range.

Female participants find the system is more fun and engaging (S4).
To examine age-related differences in user experience, we
sort the participants result by age range. There are 2 people who are under 20 years old, 18 people between 20-29
years old, 4 people between 30-39 years old, and 1 person more than 39 years old. Even though the majority age
group of the participants is between 30-39 years old, we
can still observe some age-related trends.
We can see from Table 3 that the participants who are under 20 years of age rate highest in terms of how engaging
the system is (S4: 4.50). The participants in age group 2029 years old find the system easy to use (S2) with the highest average rating score of 4.11. The participants who are
in 30-39 age group highly agree that the system is useful

S1
S2
S3
S4

G1
4.22
4.11
3.89
3.72

G2
4.00
3.33
4.00
3.33

G3
4.00
4.00
4.25
3.00

Table 4: Results of user experience questionnaire grouped by
occupation.

(S1: 4.25) and interesting to use (S3: 4.25). The participants who are over 39 years old rate the system in aspects
of usability (S2) and adoptability (S4) the same lowest average rating score of 3.00 as shown in the comments that
they think that the system is not easy to use without a system manual.
We also investigate occupation-related differences in user
experience. The participants are grouped into 3 different
occupation groups that are as follows.
G1: student
G2: public sector (e.g. government)
G3: private sector (e.g. most businesses and individuals)
The numbers of people for groups G1, G2, and G3 are 18,
3, and 4, respectively. As shown in Table 4, the student participants (G1) give the highest rating score of 4.22, 4.11,
and 3.72 reflecting on the system’s usefulness (S1), ease
of use (S2), and being fun and engaging (S4). The participants who are working in private sector (G3) rate highest in
S3 asking if the system is interesting to use. Interestingly,
the lowest rating score of S3 is from student participants.

We can also observe that the comments and suggestions
given by the participants show the similar trends with the
statistical results. One of the male participants who are
in 30-39 age group and work in private sector gives comments, "It is very useful. It could be used it to plan about
resource usage. The system would be beneficial to the organization in many ways". One of the comments from the
female participant who is a student under 20 years old is
"The system looks interesting and colorful". Male students
in 20-29 age group share the same comment about utilizing
interactive 3D model helps them get the picture of energy
usage and the user interface is attractive.

Conclusion
This paper presents an interactive visualization tool for resource usage monitoring on campus called Energis. The
tool is in the form of web application which is developed
using online services and storage. The energy usage is visualized on an interactive 3D map of buildings on campus
with numerical information and animated infographics. Unlike other existing visualization tools, which are specific and
limited to one type of data, Energis offers a platform for visualizing and analyzing any kinds of resource usage data
on campus – such tool has never existed before. We study
the potential of the application model by a user experience
study. Although this paper reports on the early stage development of the Energis, we still believe that the approach,
methodology, and preliminary implementation of Energis
can be beneficial for other researchers in the fields, and ultimately to the people who are involved in campus resource
usage planning and management.
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